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(54) Voltage controlled oscillator circuit capable of switching between oscillation frequency 
bands 



(57) A voltage controlled oscillator circuit using a 
negative resistance section (-R) for supplying electric 
power to the voltage controlled oscillator circuit and par- 
allel resonance of the capacitance and the inductance 
of the circuit comprises a first variable capacitance 
diode (D^ and a second variable capacitance diode 
(D2) which are connected in parallel. The first variable 
capacitance diode (D t ) varies its capacitance according 
to a first control voltage (V band ) and thereby varies oscil- 
lation frequency (f 0 ) of the voltage controlled oscillator 
circuit. The second variable capacitance diode (D 2 ) var- 
ies its capacitance according to a second control volt- 
age (Vcont) is independent of the first control 
voltage (V^nd), and thereby varies oscillation frequency 
(f 0 ) of the voltage controlled oscillator circuit independ- 
ently. Coupling condensers (C 1f C 2 ) are provided 
between the negative resistance section and the first 
variable capacitance diode (D^, and between the first 
variable capacitance diode (Dj) and the second variable 
capacitance diode (D 2 ), in order to cut direct current off. 
According to the voltage controlled oscillator circuit, var- 
iable range of oscillation frequency can be remarkably 
enlarged and digitally switching the oscillation fre- 
quency between oscillation frequency bands is made 
possible. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a voltage controlled 5 
oscillator circuit, and in particular, to a voltage controlled 
oscillator circuit by which variable range of the oscilla- 
tion frequency of the voltage controlled oscillator circuit 
can be enlarged and digitally switching of oscillation fre- 
quency of the voltage controlled oscillator circuit from 
one oscillation frequency band to another is made pos- 
sible. 

Description of the Related Art 

Fig.1 is a circuit diagram showing a conventional 
voltage controlled oscillator circuit. The basic oscillation 
section of the voltage controlled oscillator circuit of Fig. 1 
is composed of a Colpitis type oscillation circuit, in 
which a variable capacitance diode D 1 is provided in 
order to vary the oscillation frequency of the voltage 
controlled oscillator circuit. An oscillation frequency 
control voltage E c for controlling the oscillation fre- 
quency of the voltage controlled oscillator circuit is 
applied between a pair of terminals on the left-hand side 
of the circuit When the oscillation frequency control 
voltage E c is increased, the capacitance Cv 1 of the var- 
iable capacitance diode composing the parallel res- 
onance circuit decreases, and thus the oscillation 
frequency of the voltage controlled oscillator circuit 
increases. 

There are proposed some kinds of voltage control- 
led oscillator circuits in order to provide wider variable 
range of the oscillation frequency which varies accord- 
ing to the control voltage. 

Fig. 2 is a circuit diagram showing another conven- 
tional voltage controlled oscillator circuit which is dis- 
closed in Japanese Patent Application Laid-Open No. 
HEI7-231219. In the circuit of Fig.2, the basic oscillation 
section of the circuit is composed of a Colpitis type 
oscillation circuit in the same way as the circuit of Fig.1 , 
and an inductor L 1 is provided in series with the variable 
capacitance diode D^ Further, the inductance L| of the 
inductor L 1 is selected so that the reactance (i.e. imagi- 
nary part of the impedance) of the series resonance cir- 
cuit composed of the inductor L-j and the variable 
capacitance diode D 1 will be capacitive (i.e. negative) all 
over the variable range of the oscillation frequency of 
the voltage controlled oscillator circuit. 

In the voltage controlled oscillator circuit, the oscil- 
lation frequency is controlled by varying capacitance 
Cv 1 of the variable capacitance diode D 1 by varying the 
oscillation frequency control voltage E c . Further, varia- 
ble range of the capacitance Cv 1 of the variable capaci- 
tance diode D 1 with respect to a certain variable range 
of the oscillation frequency control voltage E c is made 
larger than the case where the inductor L 1 is not con- 
nected in series with the variable capacitance diode D 1 



(i.e. than the case of Fig.1). Therefore, wider variable 
range of the oscillation frequency is made possible in 
the voltage controlled oscillator circuit of Fig.1, by con- 
necting the variable capacitance diode D 1 and the 
inductor together in series. 

In the conventional voltage controlled oscillator cir- 
cuit of Fig.2, the width of the variable range of the oscil- 
lation frequency controlled by the oscillation frequency 
control voltage E c is fully dependent on the width of var- 
iable range of the capacitance Cv 1 of one variable 
capacitance diode D v However, variable range of 
capacitance of coupled semiconductor devices in a var- 
iable capacitance diode is limited, and thus further 
extension of the range is nearly impossible. Therefore, 
there is a limitation in enlargement of the variable range 
of the oscillation frequency in the conventional voltage 
controlled oscillator circuit of Fig.2. 

Further, in the conventional voltage controlled oscil- 
lator circuit of Fig.2, there is provided only one pair of 
terminals for inputting the oscillation frequency control 
voltage, and one oscillation frequency control signal 
supplied to the terminals is used. Therefore, it is impos- 
sible in the conventional circuit to switch the oscillation 
frequency digitally from one oscillation frequency band 
to another. 

SUMMARY OF THE INVENTION 

It is therefore the primary object of the present 
invention to provide a voltage controlled oscillator circuit 
in which the variable range of the oscillation frequency 
is further enlarged and digitally switching of the oscilla- 
tion frequency between oscillation frequency bands is 
made possible. 

In accordance with one aspect of the present inven- 
tion, there is provided a voltage controlled oscillator cir- 
cuit using a negative resistance section for supplying 
electric power to the voltage controlled oscillator circuit 
and parallel resonance of the capacitance and the 
inductance of the circuit. The voltage controlled oscilla- 
tor circuit comprises a first variable capacitance diode 
and a second variable capacitance diode which is con- 
nected in parallel with the first variable capacitance 
diode. The first variable capacitance diode varies its 
capacitance according to a first control voltage and 
thereby varies oscillation frequency of the voltage con- 
trolled oscillator circuit, and the second variable capaci- 
tance diode varies its capacitance according to a 
second control voltage which is independent of the first 
control voltage and thereby varies oscillation frequency 
of the voltage controlled oscillator circuit independently. 

Preferably, a first coupling condenser is provided 
between the negative resistance section and the first 
variable capacitance diode, and a second coupling con- 
denser is provided between the first variable capaci- 
tance diode and the second variable capacitance diode. 

Preferably, the first control voltage is applied to the 
first variable capacitance diode via a choking coil. 
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Preferably, an inductor is provided in series with the 
first variable capacitance diode, 

Preferably, an inductor is provided in series with the 
second variable capacitance diode. 

In accordance with another aspect of the present 
invention, there is provided a voltage controlled oscilla- 
tor circuit whose oscillation frequency is decided 
according to the capacitance and the inductance of the 
circuit, comprising a capacitance section, a second var- 
iable capacitance diode, and a negative resistance sec- 
tion. The capacitance section is composed of a series 
connection of a first variable capacitance diode and an 
inductor, and varies its capacitance according to a first 
control voltage. The second variable capacitance diode 
is connected in parallel with the capacitance section, 
and varies its capacitance according to a second control 
voltage. And the negative resistance section is con- 
nected in parallel with the capacitance section, and sup- 
plies electric power to the voltage controlled oscillator 
circuit. 

Preferably, a first coupling condenser is provided 
between the negative resistance section and the capac- 
itance section, and a second coupling condenser is pro- 
vided between the capacitance section and the second 
variable capacitance diode. 

Preferably, the first control voltage is applied to the 
capacitance section via a choking coil. 

In accordance with another aspect of the present 
invention, there is provided a voltage controlled oscilla- 
tor circuit whose oscillation frequency is decided 
according to the capacitance and the inductance of the 
circuit, comprising a negative resistance section and a 
plurality of variable capacitance diodes. The negative 
resistance section supplies electric power to the voltage 
controlled oscillator circuit. The variable capacitance 
diodes are connected in parallel with the negative 
resistance section and in parallel with each other. The 
capacitance of each variable capacitance diode is con- 
trolled by a corresponding independent control voltage. 

Preferably, coupling condensers are provided 
between the variable capacitance diodes, and between 
the negative resistance section and the adjacent varia- 
ble capacitance diode. 

Preferably, a control voltage is applied to corre- 
sponding one of the variable capacitance diodes via a 
choking coil. 

Preferably, an inductor is provided in series with 
one of the variable capacitance diodes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects and features of the present invention 
will become more apparent from the consideration of 
the following detailed description taken in conjunction 
with the accompanying drawings, in which: 

Fig.1 is a circuit diagram showing a conventional 
voltage controlled oscillator circuit; 



Fig.2 is a circuit diagram showing another conven- 
tional voltage controlled oscillator circuit which is 
disclosed in Japanese Patent Application Laid- 
Open No. HEI7-231219; 
5 Fig.3 is a circuit diagram showing a voltage control- 
led oscillator circuit according to an embodiment of 
the present invention; 

Fig.4 is a circuit diagram showing a voltage control- 
led oscillator circuit according to the second 
10 embodiment of the present invention; and 

Fig.5 is a circuit diagram of a phase locked loop in 
which the voltage controlled oscillator circuit of 
Fig.4 is installed. 

15 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring now to the drawings, a description will be 
given in detail of preferred embodiments in accordance 
20 with the present invention. 

Fig.3 is a circuit diagram showing a voltage control- 
led oscillator circuit according to an embodiment of the 
present invention. In the following, an element of the cir- 
cuit and a characteristic value of the element is repre- 
ss sented by the same character. For example, 
capacitance of a capacitor C 0 is represented as C 0 and 
inductance of an inductor Lq is represented as Lq. 

The circuit of Fig.3 comprises a variable capaci- 
tance diode D 1t a variable capacitance diode D 2 , a 
30 capacitor C 0 , a negative resistance section -R, an 
inductor L, which are connected in parallel. Here, the 
part on the left-hand side of the broken line a-b (C 0 , -R, 
L) is a representation of a parallel resonance circuit 
without the variable capacitance diode D 1( and the vari- 
es able capacitance diode D 2 , which will be described 
below. Coupling condensers and C 2 for cutting direct 
current off is inserted between the variable capacitance 
diode D 1 and the left-hand side part, and between the 
variable capacitance diode D 1 and the variable capaci- 
40 tance diode D 2 , respectively. 

Here, the part on the left-hand side of the broken 
line a-b will be explained. Actually, the left-hand side 
part is composed of a parallel resonance circuit includ- 
ing active elements for generating electric power such 
45 as transistors, which is supplied with power source volt- 
age. The left-hand side part may be composed of the 
circuit of Fig.1 from which the variable capacitance 
diode D 1 and the coupling condenser in Fig.1 are 
removed. Incidentally, Fig.1 and Fig.3 are opposite in 
so right-left direction and when the right-hand side of Fig.1 
is used for this embodiment, the variable capacitance 
diode D 1 and the coupling condenser C 1 of Fig.1 are 
replaced by the right-hand side of the broken line a-b of 
Fig.3. that is, the right-hand side of the broken line a-b 
55 of Fig.3 is used instead of the variable capacitance 
diode D t and the coupling condenser of Fig.1. Of 
course, other parallel resonance circuits can be used as 
the left-hand side part of Fig.3. Therefore in Fig.3. the 
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negative resistance section -R, the capacitor C 0 and the 
inductor L are only representing the composite (synthe- 
sized) resistance, the composite capacitance and the 
composite inductance of the part on the left-hand side 
of the broken line a-b which has been described above. 5 
The negative resistance section -R is different from gen- 
eral resistance in the sense that it is supplied with the 
power source voltage and generates electric power in 
the voltage controlled oscillator circuit. 

Next, the part on the right-hand side of the broken w 
line a-b of Fig. 3 will be explained. A DC voltage V band is 
applied to the variable capacitance diode D 1 via a chok- 
ing coil Li by a voltage source such as a constant-volt- 
age regulated power supply. The choking coil L 1 is 
connected in series with the variable capacitance diode is 
D] in order to prevent application of high frequency volt- 
age generated in the circuit of Fig.3 to the voltage 
source. Another control voltage V cont is applied to the 
variable capacitance diode D 2 by a voltage source 
which is independent of the voltage source of the DC 20 
voltage V^nd- Further, aforementioned coupling con- 
denser C 1 is inserted between the variable capacitance 
diode Di and the point 'a' in Fig.3 in order to prevent 
application of the DC voltage V^nd (for being applied to 
the variable capacitance diode D^ to the left-hand side 25 
of the broken line a-b. Here, the tips of arrows shown in 
Fig.3 represent high voltage sides of the control voltage 
V com and the DC voltage V band , that is, the variable 
capacitance diode D 1 and the variable capacitance 
diode D 2 are connected inversely to the voltages which 30 
are applied thereto. 

Here, when the part on the right-hand side of the 
negative resistance section -R is replaced with a capac- 
itor C* having a composite capacitance C\ in other 
words, when the circuit of Fig.3 is regarded as a parallel 35 
resonance circuit composed of the inductor L, the nega- 
tive resistance section -R and the capacitor C\ the cir- 
cuit of Fig.3 can be regarded as an oscillation circuit 
whose oscillation frequency is controlled by the capaci- 
tance C of the capacitor C and the inductance L of the 40 
inductor L 

In the following, the operation of the voltage control- 
led oscillator circuit of this embodiment will be 
described in detail referring to Fig.3. 

The oscillation frequency f 0 of the voltage control- 45 
led oscillator circuit is decided by the inductance L of the 
inductor L which is shown on the left-hand side of the 
broken line a-b, the composite capacitance C which is 
composed of the capacitance C 0 of the capacitor C 0 , 
the capacitance D 1 of the variable capacitance diode so 
D 1t and the capacitance D 2 of the variable capacitance 
diode D 2 , as the following equation (1). 



The oscillation frequency fo can be controlled by 



varying the composite capacitance C* . The composite 
capacitance C is approximately given by the sum of 
capacitance of capacitors connected in parallel, that is, 
C 0 + D 1 + D 2 , and the composite capacitance C can be 
varied by varying the capacitance of the variable 
capacitance diode D-j by varying the DC voltage Vj^, 
and by varying the capacitance D 2 of the variable 
capacitance diode D 2 by varying the control voltage 
v coni wn 'ch is independent of the DC voltage V band . 
Incidentally, in order to vary the composite capacitance 
C widely by the control voltage V cont and the DC volt- 
age Vband, it is preferable that the value C 0 is small, and 
D 1 and D 2 are dominant in the composite capacitance 
C\ As above, the oscillation frequency f 0 of the voltage 
controlled oscillator circuit can be controlled by two 
independent control voltages V^m and V ban d. thereby 
variable range of the oscillation frequency is enlarged 
and digitally switching the oscillation frequency between 
oscillation frequency bands is made possible. 

Concretely, when switching of the oscillation fre- 
quency f 0 between oscillation frequency bands is 
unnecessary, the oscillation frequency f 0 of the voltage 
controlled oscillator circuit is controlled by varying the 
control voltage V cont only, similarly to the operations of 
the conventional voltage controlled oscillator circuits of 
Fig. 1 and Fig.2. Here, variable range of the capacitance 
D 2 of the variable capacitance diode D 2 is limited, and 
thus the band to band switching (for example, 900MHz 
band to 1.8GHz band) of the oscillation frequency f 0 is 
impossible by varying the control voltage V cont only. In 
order to execute the band to band switching, the DC 
voltage Vb^ is applied to the capacitance D 1 (or var- 
ied). By the operation, the capacitance D 1 of the varia- 
ble capacitance diode D 1 varies, thereby the composite 
capacitance C is varied and thus the oscillation fre- 
quency f 0 is varied according to the equation (1). 

For example, in the case where the DC voltage 
Vband is switched from 0(V) to a certain positive value, 
the capacitance D 1 of the variable capacitance diode D 1 
is switched to a lower value, thereby the composite 
capacitance C is switched to a lower value and thus the 
oscillation frequency f 0 is switched to a higher fre- 
quency in the higher oscillation frequency band, accord- 
ing to the equation (1). 

As shown above, in the voltage controlled oscillator 
circuit of this embodiment, by providing the variable 
capacitance diode D 2 and the variable capacitance 
diode D 1 in parallel, and varying the two control volt- 
ages Vcont and V ba nd independently, further enlarge- 
ment of the variable range of the oscillation frequency is 
made possible. Further, digitally switching the oscilla- 
tion frequency between oscillation frequency bands is 
realized by the switching of the DC voltage V ban d which 
is independent of the control voltage V^t for varying 
the capacitance D 2 of the variable capacitance diode 
D 2 . 

Fig. 4 is a circuit diagram showing a voltage control- 
led oscillator circuit according to the second embodi- 
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ment of the present invention. In Fig.4, the same 
reference characters as those of Fig.3 designate the 
same or corresponding parts to those of Fig.3 and thus 
repeated description thereof is omitted for brevity. 

The voltage controlled oscillator circuit of Fig.4 is 
almost the same as the voltage controlled oscillator cir- 
cuit of Fig.3, except that the variable capacitance diode 
D 1 of the circuit of Fig.3 is replaced with a capacitance 
section which is composed of the variable capacitance 
diode D t and an inductor Lq. The inductor Lq is added to 
the variable capacitance diode D 1 for adjusting the 
oscillation frequency to a desired value. 

In the following, the operation of the voltage control- 
led oscillator circuit of the second embodiment will be 
described referring to Fig.4. The operation of the circuit 
of Fig.4 is almost the same as that of Fig.3, and thus 
repeated description of the operation common to both 
circuit is omitted for brevity. 

The oscillation frequency f 0 of the voltage control- 
led oscillator circuit is decided by the inductance L of the 
inductor L which is shown on the left-hand side of the 
broken line a-b and the composite capacitance C* of the 
circuit on the right-hand side of the negative resistance 
section -R, and the oscillation frequency f 0 is approxi- 
mately expressed by the aforementioned equation (1), 
in the case where the reactance of the circuit on the 
right-hand side of the negative resistance section -R is 
capacitive. Here, for a certain variable range of the DC 
voltage V band , variable range of the capacitance of 
the variable capacitance diode D 1 is widened due to the 
inductor Lo connected in series, thereby variable range 
of the oscillation frequency is further enlarged in the 
voltage controlled oscillator circuit of Fig.4. 

As shown above, in the voltage controlled oscillator 
circuit of the second embodiment, by providing the 
inductor L 0 in series with the variable capacitance 
diode Di of the circuit of Fig.3, the oscillation frequency 
of the voltage controlled oscillator circuit can be 
adjusted to a desired value, and the variable range of 
the oscillation frequency with respect to a certain varia- 
ble range of the DC voltage V band is made larger in 
comparison with the voltage controlled oscillator circuit 
of Fig.3. Incidentally, although the inductor Lq is pro- 
vided in series with the variable capacitance diode D 1 in 
this embodiment, it is as well possible to provide an 
inductor in series with the variable capacitance diode D 2 
and obtain similar effects. 

Fig.5 is a circuit diagram of a phase locked loop in 
which the voltage controlled oscillator circuit of Fig.4 is 
installed. 

The phase locked loop of Fig.5 comprises a phase 
detector 1 for detecting phase difference between two 
input signals, a low pass filter 3 for cutting high fre- 
quency signals off, a voltage controlled oscillator circuit 
201 according to the second embodiment of the present 
invention, a buffer 5 for receiving the oscillation output of 
the voltage controlled oscillator circuit 201 with high 
impedance and outputting an oscillation output signal 



OUT, and a 1/N frequency demultiplier 202 for demulti- 
plying the frequency of the oscillation output signal OUT 
supplied from the buffer 5 by N (N: a natural number 
which is set according to demultiplying number informa- 

5 tion supplied to the 1/N frequency demultiplier 202), 
while supplying the phase detector 1 with the frequency 
demultiplied signal. 

In the following, the operation of the phase locked 
loop of Fig.5 will be described. 

10 The phase detector 1 is supplied with a reference 
clock signal REF and the frequency demultiplied signal 
outputted by the 1/N frequency demultiplier 202. The 
reference clock signal REF has a predetermined fixed 
frequency f REF The phase detector 1 which is provided 

is with a charge pump detects frequencies of both input 
signals and charges/discharges an electric charge 
stored in the low pass filter 3, according to phase differ- 
ence between the frequency demultiplied signal and the 
reference dock signal REF. The low pass filter 3 whose 

20 electric charge is charged/discharged by the phase 
detector 1 cuts off high frequency signal components 
and outputs the control voltage to the variable 
capacitance diode D 2 in the voltage controlled oscillator 
circuit 201, according to the amount of the electric 

25 charge stored therein. 

The capacitance of the variable capacitance diode 
D 2 to which the control voltage V^, is applied becomes 
smaller as the control voltage V cont becomes higher. 
And the oscillation frequency f 0 of the voltage controlled 

30 oscillator circuit 201 becomes higher as the capacitance 
of the variable capacitance diode D 2 becomes smaller. 
Therefore, the oscillation frequency f 0 becomes higher 
as the control voltage V cont becomes higher, and 
becomes lower as the control voltage V cont becomes 

35 lower. Here, in the case where the oscillation frequency 
f 0 becomes f REF x N when the control voltage V^, 
becomes V REF> the difference between the control volt- 
age and the V REF gets larger if the phase differ- 
ence between the reference clock signal REF and the 

40 frequency demultiplied signal gets larger, therefore, the 
frequency of the frequency demultiplied signal which is 
outputted by the 1/N frequency demultiplier 202 gets 
closer to the frequency f REF of the reference clock sig- 
nal REF as time passes. In the stationary state where 

45 the phase locked loop is phase locked, the oscillation 
frequency f 0 of the voltage controlled oscillator circuit 
201 becomes N times the frequency of the reference 
clock signal REF (i.e. f REF x N). 

In order to switch the oscillation frequency band of 

so the voltage controlled oscillator circuit 201 and switch 
the frequency band of the oscillation output signal OUT, 
the demultiplying number information supplied to the 
1/N frequency demultiplier 202 is changed and the N is 
switched to a larger number N', and the DC voltage 

55 v band is varied, for example, from 0(V) to a predeter- 
mined positive voltage. By the application of the DC 
voltage V^^, the capacitance of the variable capac- 
itance diode D 1 is switched to a lower value, thereby the 
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composite capacitance C is switched to a lower value 
and thus the oscillation frequency f 0 is switched to a 
higher frequency in the higher oscillation frequency 
band, according to the aforementioned equation (1). By 
the operation, the oscillation frequency of the voltage 
controlled oscillator circuit 201 is switched to a higher 
frequency which is equal to f REF x N\ and the phase 
locked loop of Fig.5 is phase locked in a new stationary 
state with its oscillation output signal OUT having the 
same higher frequency f REF x N' in the higher frequency 
band. 

The phase locked loop of Fig.5 is utilized , for exam- 
ple, in detectors of portable telephones for detection of 
radio wave frequency In the following, a case where the 
phase locked loop of Fig.5 is applied to a dual band 
portable telephone will be described. 

In order to design a portable telephone as a dual 
band portable telephone to operate in two radio wave 
frequency bands of, for example, 900MHz band and 
1 .8GHz band, the frequency f REF of the reference clock 
signal REF of the dual band portable telephone can be 
setat200KHz. 

For use in the 900MHz band, the demultiplying 
number N of the 1/N frequency demultiplier 202 is set at 
a selected value N1 around 4500, and the DC voltage 
v band switching oscillation frequency band is set at 
0(V) for example. In the stationary state where the 
phase locked loop is phase locked, the control voltage 
v cont which is supplied from the low pass filter 3 to the 
variable capacitance diode D 2 is stabilized at 1.5(V) for 
example, and the oscillation frequency of the voltage 
controlled oscillator circuit 201 is stabilized at N1 x 
200(kHz). For another frequency in the 900MHz band, 
the demultiplying number information supplied to the 
1/N frequency demultiplier 202 is updated and the 
demultiplying number N is changed to a new selected 
value N2 around 4500, and the phase locked loop will 
be in a new stationary state with the control voltage V 
cont of 1.6(V) for example, and the oscillation frequency 
of the voltage controlled oscillator circuit 201 of N2 x 
200(kHz). 

In order to switch the frequency band of the phase 
locked loop into the 1.8GHz band, the demultiplying 
number information supplied to the 1/N frequency 
demultiplier 202 is updated and the demultiplying 
number N is changed to a new selected value N3 
around 9000, and the DC voltage V band for switching 
oscillation frequency band is set at a positive value 
3.0(V) for example. By the application of the DC voltage 
v band- tne capacitance D 1 of the variable capacitance 
diode D 1 is switched to a lower value, thereby the com- 
posite capacitance C is switched to a lower value and 
thus the oscillation frequency f 0 of the voftage controlled 
oscillator circuit 201 is switched to a higher frequency in 
the higher frequency band, according to the equation 
(1 ). Then, the phase locked loop will be in a new station- 
ary state with the control voltage of 1 .5(V) for 
example, and the oscillation frequency of the voltage 



controlled oscillator circuit 201 of N3 x 200(kHz). For 
another frequency in the 1.8GHz band, the demultiply- 
ing number information is updated and the demultiply- 
ing number N is changed to a new selected value N4 
5 around 9000. Then, the phase locked loop will be in a 
new stationary state with the control voltage V conl of 
1 .55{V) for example, and the oscillation frequency of the 
voltage controlled oscillator circuit 201 of N4 x 
200(kHz). 

10 In order to return the frequency band of the phase 
locked loop into the 900MHz band, the demultiplying 
number information is updated and the demultiplying 
number N is changed to a new selected value N5 
around 4500, and the DC voltage V band for switching the 

15 oscillation frequency band is returned to 0(V). Then, the 
phase locked loop will be in a new stationary state with 
the control voltage of 1 .45(V) for example, and the 
oscillation frequency of the voltage controlled oscillator 
circuit 201 of N5 x 200(kHz). 

20 As shown above, in the phase locked loop of Fig.5, 
fine frequency control of the oscillation output signal 
OUT can be executed by varying the demultiplying 
number N, and further, the band to band switching of the 
frequency of the oscillation output signal OUT can be 

25 executed by switching the DC voltage V barld and the 
demultiplying number N. 

As set forth hereinabove, by the voltage controlled 
oscillator circuit according to the present invention, the 
variable range of the oscillation frequency can be 

30 remarkably enlarged, by providing two variable capaci- 
tance diodes connected in parallel in a voltage control- 
led oscillator circuit and controlling the capacitance 
thereof by two independent oscillation frequency control 
voltages. 

35 Further, digitally switching the oscillation frequency 
between oscillation frequency bands is made possible, 
by using one oscillation frequency control voltage for 
fine control of the oscillation frequency and using the 
other oscillation frequency control voltage for the 

40 switching between oscillation frequency bands. 

Incidentally, although the number of the variable 
capacitance diodes included in the voltage controlled 
oscillator circuit is two in the embodiments shown 
above, it is of course as well possible to compose a volt- 

45 age controlled oscillator circuit according to the present 
invention which includes three or more variable capaci- 
tance diodes, and simitar effects can be obtained by 
such voltage controlled oscillator circuits. 

While the present invention has been described 

so with reference to the particular illustrative embodiments, 
it is not to be restricted by those embodiments but only 
by the appended claims. It is to be appreciated that 
those skilled in the art can change or modify the embod- 
iments without departing from the scope and spirit of the 

55 present invention. 
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Claims 

1. A voltage controlled oscillator circuit using a nega- 
tive resistance section (-R) for supplying electric 
power to the voltage controlled oscillator circuit and 
parallel resonance of the capacitance and the 
inductance of the circuit comprising: 

a first variable capacitance diode (D^ for vary- 
ing the capacitance thereof according to a first 
control voltage (V tend ) and thereby varying 
oscillation frequency (f 0 ) of the voltage control- 
led oscillator circuit; and 
a second variable capacitance diode (D 2 ) 
which is connected in parallel with the first var- 
iable capacitance diode (D^, for varying the 
capacitance thereof according to a second 
control voltage (V cont ) and thereby varying 
oscillation frequency (f 0 ) of the voltage control- 
led oscillator circuit. 

2. A voltage controlled oscillator circuit as claimed in 
claim 1, wherein: 

a first coupling condenser (C^ is provided 
between the negative resistance section and 
the first variable capacitance diode (D-,), and 
a second coupling condenser (C 2 ) is provided 
between the first variable capacitance diode 
(D-j) and the second variable capacitance 
diode (D2). 

3. A voltage controlled oscillator circuit as claimed in 
claim 1, wherein the first control voltage (V band ) is 
applied to the first variable capacitance diode (D^ 
via a choking coil (l^). 

4. A voltage controlled oscillator circuit as claimed in 
claim 1, wherein an inductor (Lq) is provided in 
series with the first variable capacitance diode (Dj). 

5. A voltage controlled oscillator circuit as claimed in 
claim 1, wherein an inductor is provided in series 
with the second variable capacitance diode (D 2 ). 

6. A voltage controlled oscillator circuit whose oscilla- 
tion frequency is decided according to the capaci- 
tance and the inductance of in the circuit, 
comprising: 

a capacitance section composed of a series 
connection of a first variable capacitance diode 
(Dj) and an inductor Lq, for varying the capaci- 
tance thereof according to a first control volt- 
age OWO; 

a second variable capacitance diode (Dg) 
which is connected in parallel with the capaci- 
tance section (Dj), for varying the capacitance 



thereof according to a second control voltage 
(V con,); and 

a negative resistance section (-R) which is con- 
nected in parallel with the capacitance section 
5 (D^, for supplying electric power to the voltage 

controlled oscillator circuit. 

7. A voltage controlled oscillator circuit as claimed in 
claim 6, wherein: 

10 

a first coupling condenser (C^ is provided 
between the negative resistance section and 
the capacitance section, and 
a second coupling condenser (C 2 ) is provided 
15 between the capacitance section and the sec- 

ond variable capacitance diode (D 2 ). 

8. A voltage controlled oscillator circuit as claimed in 
claim 6, wherein the first control voltage (Vband) 'S 

20 applied to the capacitance section via a choking coil 
(Li). 

9. A voltage controlled oscillator circuit whose oscilla- 
tion frequency is decided according to the capaci- 

25 tance and the inductance of the circuit, comprising: 

a negative resistance section (-R) for supplying 
electric power to the voltage controlled oscilla- 
tor circuit, and 

30 a plurality of variable capacitance diodes (D 1( 

D2) which are connected in parallel with the 
negative resistance section (-R) and in parallel 
with each other, in which the capacitance of 
each variable capacitance diode (D 1p D 2 ) is 

35 controlled by a corresponding independent 

control voltage (V band. v cont)- 

10. A voltage controlled oscillator circuit as claimed in 
claim 9, wherein coupling condensers (C 1f Cg) are 

40 provided between the variable capacitance diodes 
(D 1t D2), and between the negative resistance sec- 
tion (-R) and the adjacent variable capacitance 
diode (Dj). 

45 11. A voltage controlled oscillator circuit as claimed in 
claim 9, wherein a control voltage (Vband) is applied 
to corresponding one of the variable capacitance 
diodes (Dj) via a choking coil (l^). 

so 12. A voltage controlled oscillator circuit as claimed in 
claim 9, wherein an inductor (Lq) is provided in 
series with one of the variable capacitance diodes 
(Di). 
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